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Fig. 1 Relationships between sodium hydroxide concentration and the content of nickel, cobalt and manganese (a) and

precipitation rate of nickel, cobalt and manganese (b) in the sediment
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Fig. 2 Relationships between sodium hydroxide addition and the content of nickel, cobalt and manganese (a) and precipitation

rates of nickel, cobalt and manganese (b) in the sediment
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Fig. 3 Relationships between feed liquid and lye flow rate ratio and the content of nickel, cobalt and manganese (a) and

precipitation rates of nickel, cobalt and manganese (b) in the sediment
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Fig. 4 Relationships between base solution and the content of nickel, cobalt and manganese (a) and precipitation rates of nickel,

cobalt and manganese (b) in the sediment
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Relationships between reaction temperature and the content of nickel, cobalt and manganese (a) and precipitation rates

of nickel, cobalt and manganese (b) in the sediment
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Preparation of Nickel-Cobalt Hydroxide from High-Manganese
Reductive Acid Leachate of Cobalt-Rich Crusts

ZHANG Denggao, WANG Shengdong, SUN Xudong, ZHAO Feng, JIANG Wei, XIE Siyuan,

MAO Hancheng, LU Muyao
(BGRIMM Technology Group, Beijing 100160, China)

Abstract: Cobalt-rich crusts, also known as cobalt-rich ferromanganese crusts, are gradually becoming the focus of
scientific research and industrial attention as a highly promising marine mineral resource. It is widely distributed
on seamounts at water depths of 800-3 000 meters, and contains key metal elements such as nickel (0.3%—1.2%),
cobalt (0.2%—-0.8%) and manganese (15%-25%). These metal elements have important industrial value, especially
in the battery field, which can be converted into battery-grade raw materials such as nickel sulfate and cobalt sulfate
through smelting to provide a sustainable supply of metals for the ternary precursor, which is of great significance
to alleviate the shortage of land resources and promote the development of new energy industry. Nickel, cobalt, and
manganese are dissolved into the leaching solution after reductive acid leaching of cobalt-rich crusts. Manganese
concentration in the leaching solution is significantly high, while the nickel and cobalt content are relatively low. In
order to recycle nickel and cobalt in a short process, it is necessary to realize the preliminary separation of nickel,
cobalt and manganese through differential precipitation. Given that nickel-cobalt hydroxide (MHP) is one of the
important intermediates of nickel and cobalt metals required for the preparation of ternary precursors, separation of
most of the nickel-cobalt from manganese can be achieved preferentially by precipitation of nickel-cobalt hydroxide,
and the remaining nickel-cobalt is separated from manganese by precipitation of nickel-cobalt sulphide. This study
utilizes high-manganese reductive acid leachate from iron-purified cobalt-rich crusts as raw material and employs
sodium hydroxide as a precipitant to synthesize nickel-cobalt hydroxide. Under the optimized conditions of reaction
temperature at 25 °C, sodium hydroxide solution directly dripping into the feed solution, sodium hydroxide flow
rate 4 mL/min, sodium hydroxide concentration 6—8 g/L, and reaction time 45 min, the average nickel, cobalt and
manganese precipitation rate is 76.89%, 60.45% and 1.14% respectively, and the average content of nickel and cobalt
combined in the precipitation is 40.57%, and the average manganese content is 10.18%. The preliminary separation
of manganese from the majority of nickel and cobalt has been achieved, and the precipitated product can be directly
integrated into mainstream ternary precursor production systems, offering a novel approach for the utilization of
marine mineral resources. This study opens up new pathways for the comprehensive utilization of marine mineral
resources. With the continuous development and refinement of technologies, cobalt-rich crusts are expected to play a
more significant role in fields such as new energy and advanced materials in the future.

Key words: cobalt rich crust; reductive acid leachate; high manganese; nickel cobalt hydroxide



